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Abstract 


PURPOSE:To provide a method for forming a barrier metal layer having low contact resistance and 
excellent in coverage and intimate contact with an insulation layer at a higher grow rate as compared 
with conventional technology. 

CONSTITUTION:When a barrier metal layer composing the wiring in a semiconductor device is formed, 
the lower layer 20A of a first barrier metal layer is formed by CVD using first material gas containing a 
metal element composing the barrier metal layer. Subsequently, the upper layer 20B of first barrier metal 
layer is formed by CVD using the first material gas and a second material gas containing an element 
reacting on the metal element to produce a compound while increasing the volumetric ratio of the 
second material gas to the first material gas from zero to a predetermined value. A second barrier metal 
layer 22 is then formed on the first barrier metal layer by CVD while increasing the volumetric ratio 
above the predetermined value. 
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CH, = l Osccm 
H 2 = 2 6 seem 

0. 13Pa (9. 6X1 0"' T 

D4 2 0' C 
2. 8 kW 

T i C 1 , = 2 0 seem 
Ni = 8 seem 
CH, = 1 Osccm 
Oi = 5 seem 
H: = 2 6 seem 

0. 1 3 P a (9. 6 X 1 0" T 



(T i CNOMI 

m i omntfx 
% 2 ammxz 

:/a-trx#x 
orr) 

fi^ : 154 2 0' C . 

~?1?nmiiit> : 2. 8 kW 

[0046] mmm 3 ) mmm 1 &zfmmm 2 \z&^ 

Ttt, AMJ7**JWJi£«Jdrr*&«<fc-LT>$'> (T 
i) Sr/H^Jt. ^IM^J3 tC*3ViT«. AUT^^WBS 
iEEtli^Ilffli:LTA7Z7A (H f ) SrfflUS. 
HSS^J3 iCt5UTfc, ^IESIWltt^>^f>7" 
7>^'yhCVDffil;tWt5. J£TF> *JE0H3©A 

[0 0 4 7] [IS- 3 0 0] « A 

iBtttik:, 7*hijy^77<fW. Rtfm.fcfUT'* 

• X7f>^ (R I E) StflSSffl^THJ 

p«s*»js)iT*. noiitt, sissm© [is- 10 
0] tlBi«trsc:t*«T?**. 

[0 0 4 8] [IS-3 10] *C *»«©/'!iJ7^ 
?)l>MV>Ml$;%m\Z&-DT. £#©Jft£j)*5 nmOSl 
©AU7**;UJI£Jg7irr£. 03{CSRLfcECRy^ 

JlTtSt (Hf) *fr*T*SU (Hfoci 

1 ) ftflTHTSS 1 ©A* U 7;* ^;UJI©TJf £ ECR7? 



11 



m i * 

J£;*7 
orr) 

[0 0 4 9] 



HfOC 1 1 = 1 Osccm 
H z /A r = 5 0/4 Osccm 
0. 13Pa (9. 6X10" 



*54 0 0° C 
2. 8 kW 
1 0# 

SlClft^tLT, HfOCl, 



(7) * ^¥7-66143 

12 

S2©AU7^^;HOJPSS5 0nmtUfc B ECR 



©ftbDfc, Hf (O- t -C 4 H 9 ) - 4 ^fl^Cifc 

H-fOCl,StfHf (O- t -C 4 H.-) rttiK 
*M»T»5o -tnSfc, HfOC 1^;K, Hf (O- 
t-C 4 H 9 ) 4*7^3-JP#©»«tfc*^L/fc«, H 

co 050] [xs- 3 2 0] 5\&m%, ^mitm (h 

f) t<Dit&m (Hf Bi) *£j«b»S7G# (B) & 

^«r*s6 2<&iK»#;x (bc i 3 #x) atfjBicDK 

(HfOC I,)- Srfflt^ S/?, »2 0i»^ 

s/gs i <Dm&xxm<Dm&& o ^siss©*^*-?* 

2TO 2 H+fta* 6 v $ 1 ©A U 7 ^ ;H Oil S E C R ^ 
7X7CVDffii:tMT§o 



*2<DB»#* 

orr) 



HfOC 1 2 = 1 Osccm 
B C 1 1 = 0 ~ 1 - 5 seem 
H 2 /A r = 3 0/5 Osccm 
0. 1 3 P a (9. 6 x 1 0" 4 T 



: »6 5 0" C 
^-f^Pftffi^ : 2. 8 kW . 

j&mmm : 6 o# 

ft, l2 0lfi^<hlT, BC liCDtttoDK, BB 
[0 0 5 1 ] dtlfccfcoT; ±tCH f^^SS^lOA* 

*)vn<t>±m$\z.\t&m (n> ^wsnfts. 

[0 0 5 2] Il^U7^^;HOTIH HfW 

AU7^^;neTi/±i*6»rtt«cil:io 
t, f»ia>AU7^^;i<ji<oj*i«jS([flEfctti o o%t§jn 

[0 0 5 3] [Ig- 3 3 0] *2<OJR»jff 
X«/*l(01H»*X*(DW-&&, [XS- 3 2 0] K 

&vz>m&<Dm&<kK) hmmzntcWim-c. h f b 

x (0<X^2) ^e>^^20;\ f U7^^HS«l 



40 



A 1 X 
orr) 

urn 



HfOC 1 j = 1 Osccm 

BC 1 3 = 3 Osccm 

Hj/A.r = 3 0/5 Osccm 

0. 13Pa (9. 6X10"' T 



86 5 0° C 
10 Y-f^p$[ii* : 2. 8 kW 

[0 0 5 4] [II- 3 4 0] #^T% ^>^X^->^ 

mmm±<D&mmmttmm&mz%z 2 msm 1 on* 

'J7^^;HSRSUT, WJPfKrtfc* S 
^£&«K*ii#J|sfJi (5? > if T.'r >~77t?) SSI, fcf 

ttnm&tf\zm 2 s # jg 1 ©a u 7 ^ ^;u»*awwK: 

y^) sau tf7*— ^sjk/st*. cneoxa 
«*jswi(o [n-14 0] tmmtTzzLh&xz 

[0 0 5 5] ;\'J7^^;HSijSnftIilTH f 
(DftbOKS^lo-^A (Zr) Sffli^^t^Tt 

£(E>»£\ ifo5S#J3CT) [xa-3 10], [II- 
3 2 0] [18- 3 3 0] CfiltftECR^X^ 

30 (mi (Z)/\ + U7^^^ScDTScO^) 



fg 1 CD«»^X 
orr) 



«si©Aij7^j';i/«©±i©»«) 



ZrCh = l Osccm 

H 2 / A r = 5 0 / 4 0 seem 

0. 13Pa (9. 6X1 0 -4 

154 0 0' C 
2. 8 kW 
1 0# 



m 1 oi^w^x 

^2 0HWX 

yp-feX^TX 

EE* 

orr) 



50 



Z r C 1 4 = 1 0 seem 
BC 13 = 0 — 1. 5 seem 
H 2 /A r = 3 0/5 Osccm 
0. 13Pa (9. 6X10" 4 1 

#9 6 5 0 # C 
2. 8 kW 
6 0# 

m2<D/VJ7**)im (ZrBx, 0<X^2) ) CD 
J^iS) 

il©Jg^X : ZrCl 4 = l Osccm 
m2(DmntfX : BC l 3 = 30sccra 



13 



H 2 /Ar = 3 0/5 Osccm 

0. 13Pa (9. 6X1 O" 4 T 



orr) 

Um : 156 5 0° C 

V<i7DiSta^ : 2. 8 kW 
[0 0 5 6 ] mi OSftt'X £ LT, Z r C 1 4 <£>ft;b 
0l:,.ZrCl,*ffl^itt)7?*5. ZrCl^M 
ZrCl i ^tlfe, Cin&S:*fcS. 

[0057] mmm\z&zj$, *»woau7^ 

77>^7hCVDa^DL Mo, TK Ni, 

Co, Al, Cu|, fcS^tt, W, Mo, TUN 

i, Co#©*aS/UU->f \**&mLtc75><!ry hC 20 

[0 0 5 8] «*HS«ti5^Ttt, l^ECR^X 

ECR^7X7CVD8iSffl^Ctt)Ta-5. ^CD 

*;wi*«/au ^^-e, 30 

If? 2 ©/fcBt^* >A'tc«A U fg 2 (BfifclSI^ >/1fcT 

[0 0 5 9 ] JEtCte, 7*7>^7hCVDii^D 
fc, MA 1 , Wi, AI-USU Al-Si- 
Cu, Al-Cu, Al-Ge^JiR-^A^^ 

^C? A 'J 7 P-ffi ^;^5ys»fi6ts 21 1 6 pI 
$ =z&2*X\t7 $&*&Mm»tt&*> 40 

[0 0 6 0 ] ^l^r>^2<D;\ + UT^37;Hi^^b^: 

s i -^a^s, w^h ^T©*ff 

DC lOkW 
X^y^/E* 0. 4 Pa 50 



( 8 ) #W7- 6 6 14 3 

14 

Sfc-hmum. 5 o o ° c 

yo-trX^fX A r : 1 0 Osccm 
J*«lj§£ 0. 3-0. 9ym/^ 

[0 0 6 1 ] *£V>teX, m.RZfifti2<DJV)7**)l' 

m&Mf&Ltz'&. M^m^\zmm\^xm(D^^yn 

TA 1 - 1 %S i j&>Sj5fc5 7;i^i:'?A'fr£*, 
(7;^^^A(DXA7^^fr) 



DC/17- 
XAy ^/E^j 



A r = 1 0 0 seem 

2 0 kW 

0. 4 P a 

1 5 0° C 

1 2 0 0 nm/# 



(7iRz5AOU7P-^) 



5 0 0° C 
2# 

Ar = 10 Osccm 
1 . 1 x l 0 3 P a 
£ StgSMtfx SPIKES itt, XfiXiDtci 

fct-^-ypy^sHff3e<ojas (sn«is«) kudus 

[0 0 6 2 ] IfijftJfWu S i0 2 ^j-tft<, PSG, 
BSG, BPSG, AsSG, P b S G, SbSG, > 
U3>SI{bl(l, Si ON, SOG, SiON^« 

[0 0 6 3 ] -5F*B*lt*««fcn>^i7 

Tm&i<nitTmmmm£±nm#m&n%mz#iRT 

[0 0 6 4] #f£BJJtf)|gl ©n«J7/^HSMt5 
«dcftttl;«toTH ^ 1©AU7/^JVI(^TI«T 

[0 0 6 5 ] 

^^JH^I^^t^^,, £EoT, L s 

;[0ffl<DfB¥^iaHj] 



( 9 ) #M¥ 7-66143 



15 




16 




2 4 






2 6 




[0 2] *&9i<D/V)T**Jim<D&fgttmtZX.-DTW 


2 8 






5 0 




[03] ^WCD^JStcaSLfeECRy^XTCVD^ 


5 2 




M©lig£at*rr0-r ! &&„ 


5 4 




[04] ^?>iry KC VDtttW3TSfc»«9. 


5 6 






6 0 




[0 5] afi7;i/5Z^AX/V^ffiS^T5fc» 


6 2 






6 6 






6 4 




1 0 g# 


6 8 




1 2 ^jKtt&fttttt 


7 0 




i 4 mmm 


7 2, 


7 4 »3CD;tfXJ*A* 


1 6 (UPtS 


7 6 




2 OA SSK0AU7 **;WB<0TJI 


8 0 




2 OB »1©A'J7^^;H©±1 


10 0 




2 2 ?&2<DrtV7*&)im 


10 2 




mn 




[11 2] 



( A> 



( B ) 



( C ) 




1 2 



( 10 ) 



#W¥7 - 6 6 14 3 




(5i) int. ci. 6 mmm irftmm^ fi timmimm 

H 0 1 L 21/3065 
21/3205 
21/768 

H0 1L 21/88 R 
21/90 C 



